THIS investigation, which has been carried out at Queen Mary's Hospital, is still incomplete, but it may be of interest to state what has so far been accomplished, and also where we have failed.
We would like to take this opportunity of expressing our gratitude to Mr. L. Carnac Rivett, F.R.C.S., Physician in charge of the Obstetrical Department of the Hospital, for the facilities he has afforded us in carrying out the investigation.
For many years now we have been interested in the use of alkalies in the treatment of cases of chronic Bright's disease with cedema in the non-pregnant, and there is little doubt tihat, despite the technical difficulties involved, alkali therapy is on the whole the most generally effective form of treatment in such cases.
Although the renal complications of the pregnancy toxemias differ in several important respects from nephritis as found in the non-pregnant, it was obviously important to determine to what extent treatment successfully applied in the one might also be of value in the other. Alkalies in some form or another have of course always been used in the treatment of the pregnancy toxvemias, usually more or less empirically, or with the rather hypothetical object of combating "toxaemia." The use of comparatively large doses given with the definite object of altering the reaction of the tissues is due chiefly to the pioneer work of Fischer [11.
The object of this paper is to point out from the results obtained in this investigation exactly what can, and what cannot, be achieved by the use of alkalies in these cases. The opinions expressed are not to be regarded as in any way final and are presented only in the form of a preliminary communication on the subject. The plasma bicarbonate in normal preqnancy.-It has been shown elsewhere [2] , that, in various groups of normal and subnormal persons, the plasma bicarbonate (as estimated by the method of Van Slyke, Stillmann, and Cullen [3] , varies inversely as the plasma chlorides and the water content of the body.
Hasselbach [4] , and Leimdorf, Novak, and Porges [5] , found independently, in 1912, that the alveolar carbon dioxide tension was lowered in normal pregnancy, and th-is was confirmed by Hasselbach and Gameltoft in 1915 [6], when they also observed that it was lowered as early as the second month. Losee aud Van Slyke [7] , in 1917 , found that the carbon-dioxide combining-power of the serum was decreased during pregnancy, and Cook and Osman [8] showed that this occurred as early as the third month of gestation. There appears then to be abundant evidence that pregnancy is normally accompanied by a decrease in the alkali reserve. Such a condition may be due either to an accumulation of acid in, or loss of base from, the blood, or to the passage of Cll-ions out of the red blood-cells into the serum, as a result of a decrease of the carbon-dioxide tension of the blood. Marrack and Boone [9] give evidence to show that the lowered carbon-dioxide tension is a primary condition and is not secondary to acid retention. Shohl [10] has shown that in the last eight weeks of fcetal life the fcetus absorbs an excess of basic radicles amounting to 84 c.c. of 0 -1 N base a day, and suggests that this might account for the disturbance of the maternal acid-base equilibrium or decreased plasma bicarbonate. As will be seen later, however, this cannot be the correct explanation. At present it must be admitted that the exact cause of the decreased plasma bicarbonate has not been determined.
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Our own observations on normal pregnancy were made on a series of 238 cases at all stages of gestation, but chiefly in the earlier months. The mean plasma bicarbonate for the group was 0*0244 M, and the range 0*0306 to 0*0201 M.
The normal non-pregnant intermenstrual values for women (thirty-one subjects) being 0 0300 M, and the range 0-0317 to 0*028 M. (Molar concentration of course means the molecular weight in grammes per litre, so that, for example, a plasma bicarbonate of 0 0300 molar = 0 03 times 84 grm., the molecular weight of sodium bicarbonate, per 1,000 c.c. of blood, or 0 25%.) Table I shows that not only is there a very considerable decrease in the plasma bicarbonate in normal pregnancy, but also that it remains at much the same low level throughout the whole period of gestation. Chart I is a frequency curve contrasting the plasma bicarbonate in normal men, women (intermenstrual), women (menstrual), and in 80 cases of normal pregnancy in the first twelve weeks of gestation. It will be seen that, even in the earliest weeks of pregnancy, the plasma, bicarbonate is considerably diminished in a high proportion of cases, namely in 80%.
In fact, an estimation of the bicarbonate may sometimes be used as a confirmatory test for the presence of pregnancy. Although it cannot compare in accuracy with recent biological methods, such as the Zondek-Ascheim test, it has the advantage of giving a rapid answer, as the estimation can be carried out in twenty minutes. Incidentally, the fact that the bicarbonate is as low in the earlier weeks of pregnancy as in the later in such a high proportion of cases would seem to disprove Shohl's hypothesis mentioned above. It should be added that no significant difference in the bicarbonate values was found in relation to age or parity.
The plasma chlorides and water content of the body.-The plasma chlorides, estimated by the method of Claudius [11], showed a slight increase in the average value in 31 cases of normal pregnancy above that obtained in a similar number of non-pregnant women (intermenstrual values), namely, 0 599 gm. per 100 c.c.
(range 0 626 to0 572) for the pregnant; 0 585 gm. per 100 c.c. (range 0 620 to 0 541) for the non-pregnant. Cruikshank, Hewitt and Couper [12] have also found an increase in the whole-blood chlorides in normal pregnancy.
There is a good deal of evidence, both direct and indirect, that the water content of the blood and tissues is increased during pregnancy. [22] also calculated an increase of 300 to 400 gm. of blood approaching term, i.e., an increase of at least 5%. The state of the capillary system was found to be normal in pregnancy, according to several observers. Further details are given in Harding's paper referred to above.
Evidence regarding the water content of the tissues is not readily obtained, but we have already brought forward indirect evidence [2], as previously mentioned, that taking various groups of normal and subnormal persons, the water content of the body as a whole, and of the subcutaneous tissues in particular, is greatest in those with the lowest plasma bicarbonate. As, apart from gross organic disease, the bicarbonate was lowest in pregnancy, of the groups studied, the tissue water content might be expected to be highest in this condition. This has been found to be the case, as is evident on purely clinical grounds, and has to some extent been confirmed by us, using the intradermal salt test of Aldrich and
McLure [23], in which the wheal produced by the intradermal injection of 0 02 c.c. of 0 8 % saline disappears more rapidly in the cedematous than in those without this symptom. The incidence of minor degrees of waterlogging in pregnancy in fact is so universal as to suggest that it is a normal accompaniment of this state, only becoming pathological when it occurs in a degree sufficient to cause disability. The plasma bicarbonate in the toxamias of pregnancy with renal complications.
The plasma bicarbonate was estimated in 43 cases of pregnancy-toxemia with renal symptoms. These included 35 cases of pregnancy albuminuria, 4 cases of pre-eclampsia, and 4 cases of eclampsia, also 7 cases of chronic nephritis in whom pregnancy had supervened. A certain number of cases of albuminuria was excluded as the presence of B. coli communis infection of the urine obscured the picture. The values obtained for the plasma bicarbonate in these cases are shown in Table II . It will be seen that, with the exception of the cases of pre-eclampsia and eclampsia. in which the bicarbonate is still further decreased, it is the same as in normal pregnancy. The plasma chlorides were only estimated in eight of these cases, the mean value found being 0 603 gm. per 100 c.c., i.e., practically the same as in the cases of normal pregnancy. Clinically apparent cedema is of course much more freqluently present in this group than in normal pregnancy.
We do not wish to suggest that a low plasma bicarbonate (or "acidosis") is itself directly responsible for either the waterlogging or the renal complications of the toxaemias of pregnancy. Its interest in the present connection is in relation to the lowered plasma proteins and to our working hypothesis, that alkalies act by increasing the osmotic pressure of the proteins.
The utse of alkalies in the treatment of some af the renal complications of pregnancy. Alkalies may be used either prophylactically or therapeutically in cases of already established pregnancy toxamia. The cases in whom alkali therapy was exclusively used have been classified into three groups, as follows:-(1) Albuminuria of pregnancy.
(2) Pre-eclampsia.
(3) Cases treated prophylactically.
No attempt was made to treat cases of established eclampsia with convulsions. Group 1 consists of cases of albuminuria occurring during the second half of pregnancy, generally without other signs of tox8emia. Group 2 includes cases of albuminuria, generally of greater degree than in Group 1, witb, in addition, other symptoms of toxlemia such as headaches, retinitis, or high blood-pressure, but not with convulsions. The cases included in Group 3 will be discussed later.
Care was taken to exclude cases of pyelitis and other infective conditions of the urinary tract. Further, the late form of albuminuria which occurs just before and during labour is not included in this series. Except in a few cases of pre-eclampsia, and eclampsia, cases in whom albuminuria was discovered for the first time within forty-eight hours of labour have not been investigated.
Rationale of method.-The method of treatment employed was substantially that previously found to be effective in the cases of chronic nephritis with cedema in the non-pregnant referred to above [24], when it was found that in about 80% of such cases the giving of sufficient doses of alkali by mouth to raise the plasma bicarbonate to normal and to maintain it at this level, resulted in a diuresis sufficient in degree and duration to rid the body of cedema and to diminish considerably, or clear up the associated albuminuria, and also to prevent their return [25] .
The details of the method are as follows. The severe cases were all confined to bed throughout the duration of the treatment, but mild cases were allowed up in the ward during the day. All cases had a full diet, including meat, etc., throughout, as evidence reported elsewhere [26] has been brought forward to show that a high protein diet can often be given with impunity if alkalinization is also being carried out. No dietetic restrictions of any kind therefore were imposed. The total intake of fluid, however, was in all cases limited to three and a half to four pints in the twenty-four hours. Purging of any kind was expressly forbidden, though liquid paraffin was allowed if asked for, and occasionally, if necessary, a soap-and-water enema was given. No alkalies or other drugs were given per rectum and colonic lavage, etc., was not employed. Also, no drugs were given intravenously or intramuscularly. The actual treatment then consisted solely of giving an alkaline mixture by mouth, consisting of equal parts of potassium, citrate and sodium bicarbonate, usually 50 gr. of each in an ounce and a half of water, suitably disguised, as many times a day as was found to be necessary to produce a satisfactory diuresis. Commencing with, say, 150 gr. a day, the dose was then generally increased by 100 gr. a day until the desired result was obtained. In practice it was generally found possible to regulate the dosage by the volume of urine passed in the twenty-four hours, which was carefully measured in ounces each day, and it was rarely necessary to give as much as 600 or 700 gr. a day. Considerable assistance was also obtained by a daily measurement of the reaction of the pre-breakfast specimen of urine by means of standard colour tubes-an operation which takes only two or three minutes to perform. Very little difficulty has been experienced in persuading the patients to take the medicine which is not really unlpleasant.
Resiults of treatment.-Of the fifty-three cases of pregnancy toxsemia investigated it was only possible to treat sixteen cases throughout, twelve of pregnancy albuminuria and four of pre-eclampsia. Though the nuujbers are small, they are sufficient to show the type of response obtained. Details of all the individual cases cannot be given here, but it may be said that the general result of alkali therapy was to increase the alkalinity and volume of the urine passed, decrease albuminuria (chiefly as a result of dilution, because it never entirely disappeared), and to diminish or clear up the cedema. In many cases it was possible by this means to induce a sufficient diuresis to cause complete disappearance of zedema, and to reduce the albuminuria to an amount which, in an untreated case, would not be regarded as of very serious import. The following case will serve to illustrate these points.
Mrs. W., aged 37, first seen in the thirty-eighth week of her third pregnancy. The two previous pregnancies had both been normal. Her feet had begun to swell four months previously and there was now marked cedema of the feet, legs and thighs, and puffiness of the face. She had only been passing small quantities of urine of late, and bad complained of severe headaches and vomiting during the past three weeks. Retins, normal, blood pressure 150/100. The urine was solid with albumin, but fourteen days before was said to have been normal. The plasma sodium bicarbonate was 0 0196 M., chlorides 0 617 gm.%, blood urea 41 mg.%. Alkalies ware given by mouth in increasing doses up to 600 gr. a day. The urine then became alkaline (pH = 8 2) the volume increasing to 90 oz. and the albuminuria decreasing to '/00. By this time, the twelfth day of treatment, there was no cedema. Labour was normal and she was delivered of a normal child the following day.
This type of response, in greater or less degree, occurred in all but one of the sixteen cases, all of whom had some degree of clinically apparent cedema before treatment. Sometimes the subsidence of the cedema was accompanied by a slight fall in the blood-pressure. Unfortunately, however, this does not seem to be a frequent sequel, and in general it may be said that alkali therapy is of no benefit in the control of a high blood-pressure.
In three cases, although the generalized cedema subsided satisfactorily, the swelling of the labiae did not, and in one case it appeared to increase and it caused considerable trouble.
A point of some practical importance which should be noted here, is that when the dose is being increased at the beginning of the treatment the a3dema also often increases for a time, before finally subsiding, and it is essential that the dose should be pushed until this preliminary stage of increased swelling is passed.
Experience showed that the dose of alkali should not be increased beyond that necessary to procure a satisfactory diuresis, but that this mninimum dose should be maintained. Further increase sometimes results in a return of the cedema. In other words, from the point of view of controlling this symptom, it is possible to give either too little or too much alkali. Little difficultv is experienced in regulating the dosage if the reaction and volume of the urine passed each day is carefully observed.
In two of the cases of pre-eclampsia referred to above, alkalies were omitted at the onset of labour, and shortly after the birth of the children (in one instance twins) eclamptic fits supervened. Death occurred in one case; recovery in the other. The history of these two cases is briefly as follows: (I) Mrs. W., aged 26, a primipara, first seen three weeks before term when she was found to have cedema of the legs but no albuminuria. She had generalized ichthyosis and an irritating rash which had been present for three days. No headaches or visual symptoms.
Retine normal. Blood-pressure 120/80. Plasma bicarbonate 0 * 023 M. She was given 400 gr. of alkali per diem, but in spite of this albumin appeared in the urine a week later. The dose was increased to 600 gr. a day but the plasma bicarbonate remained unchanged. The volume increased from 40 to 70 ounces a day and the albumin diminished, but did not clear up. The blood-pressure increased to 140/90 and the cedema practically disappeared. She was delivered normally of twins (both of which survived) at 5 a.m. and her condition was not giving rise to anxiety, except that no urine was passed after delivery. The blood-pressure was as before. At 8 p.m. the same day she complained of headache and immediately afterwards had the first of a series of fits, from which she died at 11 a.m. the following day. No alkalies had been given since the onset of labour.
(II) Mrs. L. aged 34 years. Two previous pregnancies believed to have been normal, except that she had swelling of the hands and feet during the first. Seen first three weeks before the birth of a seven-months fcetus. She had had severe headaches for three days, and cedema of the feet and hands; her blood-pressure was 160/100. She was passing 40 oz. of urine per diem, containing 7 parts per 1,000 of albumin. The plasma bicarbonate was 0-0246 M. She was given 400 grains of alkali a day, and a week later she had no cedema, the volume of urine having increased to 73 oz. per diem, and the albumin diminished to A part per 1,000. The plasma bicarbonate had increased to 0 * 0304 M.
A week later the blood-pressure increased to 180 systolic, and the albumin again to 3 parts per 1,000. The dose of alkalies had been reduced to 150 grains per diemrr as there was no further cedema. Alkalies were omitted altogetber at the onset of labour, but shortly after delivery she complained of headache, vomiting, and had twelve fits. She eventually recovered.
One interesting point has arisen in the course of this investigation, namely, the remarkable degree of permeability of the kidneys to alkaline salts in pregnancy and the pregnancy toxmemias. This is in marked contrast to the unusual impermeability of the kidneys to these salts in many cases of chronic nephritis in the non-pregnant, in which it constitutes one of the chief dangers in the use of alkalies as therapeutic agents, unless repeated blood examinations are made to ensiqre that overdosage does not occur; for any excess is not excreted in the urine, and thus causes an alkalosis, the most important manifestation of which is tetany.
The permeability of the pregnant kidney to alkaline salts would seem to be so great that, however large a dose may be given, the danger of alkalosis and tetany, in our experience, never occurs. In fact, we have often found it impossible to raise the plasma bicarbonate much above its initial value, and only on rare occasions to the normal non-pregnant level, whatever the dose, although the urine readily becomes alkaline, and diuresis results, as described above.
For this reason we no longer consider that alkali therapy need be controlled by estimations of the plasma bicarbonate, providing we are' satisfied that the case is not one of chronic nephritis in which pregnancy is also present. Incidentally, increased permeability of the kidney in pregnancy for diastase has long been known.
In the treatment of these cases with alkalies several other interesting points have been observed which cannot be discussed here in detail, but of which brief mention may be made.
In those cases which respond satisfactorily to treatment, no ill effects have been noticed in the infants after birth, but, on the other hand, there is no reason to believe that fcetal mortality is at all diminished. Also, the impression has been formed that in many of the cases treated by this method labour had been surprisingly rapid and easy, but of course this is a clinical point about which it is impossible to express any decided opinion.
Experience has shown, too, that anuria, whether occurring before or after labour, is as readily amenable to alkali therapy as when it occurs in the non-pregnant. In three cases, for example, in which this symptom was causing alarm, this form of treatment alone proved efficacious.
No attempt has been made to study the effect of alkalies in any of the symptoms of pregnancy toxemia not directly related to disordered renal function or the water balance of the body as a whole.
Briefly, then, we consider that the evidence suggests that alkali therapy is of value in the treatment of albuminuria of pregnancy and pre-eclampsia, in promoting diuresis, diminishing or controlling cedema and albuminuria, in avoiding the discomfort and necessity for sweating, purgation and starvation, and in permitting the use of a more adequate diet throughout. On the other hand, we believe that alkali therapy alone will only diminish the severity of some of the symptoms of the pregnancy toxwemias, and cannot, alone, be relied upon to prevent the onset of some of the graver symptoms in all cases.
The prevention of the renal complications of the pregnancy toxwemias.-There is abundant evidence both experimenital and clinical that alkalies exert a protective action on the kidneys in the presence of a great variety of noxious agents. For example, it has been found possible in this way to diminish considerably the incidence of nephritis in scarlet fever [271. It seemed possible therefore that the giving of suitable doses of alkalies might also diminish the incidence of pregnancy albuminuria. For this reason it was decided to treat prophylactically, before the appearance of albuminuria, cases who had had this disorder in previous pregnancies, and to compare these with the recurrence rates given by Gibberd [28] and Young [29] . Some of these results have already been reported by Rivett [30] , and although the cases are yet few in number it may be of some interest to record progress up to date.
All the cases came under our care before al'buminuria or other abnormal symptoms had occurred. At the outset the plasma bicarbonate was estimated, the urine was examined, and the blood-pressure was recorded. Thereafter they attended the out-patients department at fortnightly intervals for observation and for any readjustment of the dose of alkalies that was considered necessary. Most of the cases were admitted to hospital for the actual labour. It is important to emphasize that during the whole period of observation all the patients were living at home and carrying on with their'usual domestic duties, and that no dietetic restrictions of any kind were made. No "drugs or medicines other than alkalies were given, and purging was not permitted. Considerable difficulty was experienced in deciding the basis upon which to calculate the dose of alkalies to be prescribed. In fact, even now this point has not been definitely settled, but it is thought that the effective dose is that which will render the early-morning specimen of urine definit'ely and permanently alkaline (say at a pH of 7 6). The present custom is to' commence with 150 gr. of alkali by mouth a day, divided into three doses of 25 gr. each of potassium citrate and sodium bicarbonate in equal parts in water, and increase this as time goes on should the urine not become sufficiently alkaline. Generally 300 gr. a day has been found sufficient, but in a few cases it has been necessary to give more. Estimation of the plasma bicarbonate before commencing treatment is not considered necessary providing chronic nephritis can be excluded.
In all, twenty-three cases have been treated throughout prophylactically in this manner, excluding a few who did not attend regularly for treatment. Of these twenty-three cases, albuminuria recurred in only four. Although of course the number of cases is too small to permit of definite conclusions being drawn, the results obtained would suggest, in view of the very high recurrence rate of this complication found by Gibberd and by Young, that it may be possible to diminish the incidence of this disorder to some extent, or at least that this investigation is worth pursuing.
Discussion.-Mr. G. F. GIBBERD said that he had been interested to hear the contribution of an expert in the subject of renal disease, since he had always looked upon the problem of the toxemias of " pregnancy, so far as treatment was concerned," almost entirely as one of protecting renal functions. In his (Mr. Gibberd's) view the onset of eclampsia in cases of albuminuria under treatment could be avoided almost entirely, and he was therefore rather surprised to hear that amongst Dr. Osman's series two cases of eclampsia had occurred. As, at the time of onset of fits, these two cases were not having either dietetic or alkali treatment, he did not think that they were to be regarded as exceptions to the general rule.
The most striking evidence as to the value of alkalies in these cases had been furnished by Dr. Osman's series of twenty-three patients, all of whom had had a definite toxsemia with a previous pregnancy, and who had been treated with alkalis prophylactically in a subsequent pregnancy. Under this prophylactic treatment a recurrence rate of less than 20% was a definite improvement on the usual recurrence rate, which was certainly not lower than 30%, and probably as high as 50%. This was strong evidence that alkali treatment was of real value.
He realized that Dr. Osman had allowed a mixed diet, and that strict rest in bed had not always been enforced, in order to control his experiment, so that the patients should be under the worst possible conditions for judging the efficacy of alkali treatment. As he was convinced that a protein-free diet, complete rest in bed, and early induction of labour, would of themselves improve the late results of albuminuria in pregnancy, he anticipated still better results if these three measures were conscientiously adopted in conjunction with the administration of alkalis by Dr. Osman's method.
Dr. W. H. F. OXLEY said he had suspected for some time that there were two distinct varieties of albuminuria, one which was possibly postural, and the other which was toxemic and led to eclampsia if neglected. In this connection it was significant that in Dr. Osman's thirty-five cases of albuminuria without signs or symptoms, the plasma bicarbonate content was the same as in normal pregnancy, whereas in pre-eclampsia and eclampsia there was a very definite lowering.
His experience was similar to Dr. Gibberd's, namely, that by strict eliminative treatment eclampsia could be practically eliminated.
With regard to prophylaxis, he kept patients who had previously suffered from albuminuria on a vegetable diet, and he understood that the buffering power of the blood was thereby increased. If that was so, the possibly depressing effect of continued medication with heroic doses of alkali could be avoided.
Dr. DONALD RoY asked whether Dr. Osman considered that the cessation of the alkali treatment had caused the onset of eclampsia in the two cases mentioned, and that the continuance of alkalis would have prevented eclampsia; he had stated that high bloodpressure was unaffected by alkaline treatment. Dr. OSMAN (in reply): It must be emphasized again that the treatment adopted was purely in the nature of an experiment. We do not wish to suggest that this method should be used to the exclusion, of others. Our purpose was merely to describe the results which we had obtained. A full diet was given, and strict confinement to bed was not insisted on in all cases, because it was desired to conduct the experiment under the most stringent conditions. We have little doubt that the best results would be obtained by a combination of this with other methods of treatment.
The two patients who developed post-partum eclampsia had not attended the ante-natal centre before admission.
With regard to the question as to whether fits would still have developed in these two cases had alkalies been given throughout, it is impossible to say, as we have no data on this point, which urgently requires further investigation. It has been suggested that a vegetable diet might produce sufficient alkalinity to obviate the necessity of giving alkaline salts. We have had no experience of such a diet in these cases, but an experiment on these lines carried out in cases of scarlet fever showed that although the urine was generally slightly more alkaline than in the controls, the degree of alkalinity produced in this way was not nearly sufficient to protect the kidneys from subsequent injury. We consider, however, that a vegetable diet, which, of course, contains protein, might be of value, at any rate theoretically, in enabling the desired results to be achieved with a smaller dose of alkalies than when a mixed diet is being given.
In connection with the prophylactic treatment of pregnancy albuminuria with alkalies, it should of course be clearly understood that we were only treating cases of recurrent albuminuria, and that our incidence of about 17% recurrences is to be compared with the 30-50% recurrence rate given by Gibberd and Young (quoted above).
